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Abstract

The investigations and resulis oif the EMPIRE
Study Program performed for NASA by Aeronutronic
in 1962 are summarized. Mission analysces aad
spacecraft syntheses are rcported for various
methods of accomplishing a manncd mission with
close approach to both Venus dand Mars and return
to the Earth in the 1y70-72 povied. Muajor systems
requirements are defincd and a Development Plan
and Funding Schedule are¢ prescnited rur accompiish-
ing the dual planet flyby using a nuclear engine
for interplanetary injectiocn Zrom Earth orbBit,
taking up to 03l days, and provicing for Earth re-
turn with a lifting re-entry veaicle. Accelerated
developmentis required to suppori suca a mission
are specified.

Introduction

Generai

The EMPIRE studies form a unigude Srugram to
examine the problem area. assoclated witn tne goals
of early manned intcrplanetary missions in ciac
early 1970's. Aeronucronic has concentrated its
efforts on the cual planet flyby wmissions under
contract NAS8-50Z5 Ior the Future Projects Office,
Marshall Space Fiight Center, Huntsvilie, Alabama.
The work, which is summarized only briefly in this
paper, led to definition of reasible systems and
pinpointed problem arcvas requiring rurther atten-
tion for manned flig.ts by Mars and Venus and
safe return to the »urfdce of the Farth.

It should be noted that the interest in cual
planet missions precluded a detailec exploration
of other planetary missions in ‘he present study.
This does not mean tha:t singlc planet Ilyby
missions, planetary orbi:al missions, oand plane-
rary landing missions are iess lmportant. :owever,
having obtained the results oricnted toward low
and medium energy trips n a frec-fal. interplane-
tary transit for the duc! Ilyby mission, the reld-
tive cost and utility oI the latter versus the
larger energy demands oI landing and orbiting
missions can be evaluated.

Much credit must bu given to the rorward
thinking approach olow. Uy “hic NASA eIlfort on
this program in 1962. B3y attacking tne arcas of
interest at this early cate, it was possible to
obtain a clearer picture of the requirements for
early manned planetary and interplanetary flignt.
Thus the nation's resocurces, and the NASA and
other United States space programs, can be orient-
ed toward long range goals at an early date. The

Early Manned Plaretary-Interplanetary Round-
trip Expedition.

0N




g

THE EMPIRE DUAL PLANET FLYBY MISSION

Franklin P. Dixon
Manager, Advaand Space Systems
Aexronutronic vaxsxon, Philco Corporation
Newport Beach, California

!
efforts reported here represent au unusually
early attack for this type of anaiysis. The con- :
clusions, whigh indicate thie need for acceleration i
of certain related development proygrams to meet ,
the earliest possible low energy Venus-Mars Iflyby ’
launch date of July 1v70, rustify tials cariy
definition of potentia. »roblem areas.
) !
A Development Plan uad Funaing Scheuule for '
the design point missicn . prescated below. Use f
f

51
of the aCluLLCu mission for tals Durpose does not
incicate that such a p ram wil. Lo windertaken
and funded 1n time Lo utillize oo Ju.y-august 1970
Symmetric Orbit Launch Wiadow. 1 1iacC, WOrk
should nave started by [ July lvd3 to meer th ’ = :
schedule milestones 1or .nis carliest mission.

liowever, tinis plan defines in some cetall caough ‘
of tne development, test, 3nc Junding requlirements i
to show the critical arcas. Thi. wor< hus sro-

vided information ror appraisal of tecanicei wnd

financial considerations in aiscussions and :or .
decisions related to the varly manned planetary

pPrograms.

(D

Scope Of tae Acruadtycnic EMPIRE Stuly

The primarcy goals oi tne DMPIRE Stucy ioo-
sram were (o establish reguirenents Zor toe Nova
bOGsLEer development proyram, (0 provide inputs to
the nuclear rocket progran, and explore aay ad-
vanced space opcratlioadi concepls nedessary Lor

lmpiementation oi tae alssions under scudy. 7o
deflne the requirements. in these areas & detailied
systems analysis, mission analysis, ana program
planning exercise was performed. The final goals
of these analyses are tne Jevelopment and Funding
Plans mentioned cefore.

In order to obtain tie above Tesuiis 1L was
necessary to conceatrate on sevVeras dreds LOr
analysis and system integration. To¢ areas re-
quiring speciiic attention iacluded:

B

1. Trajectories - Crocco and other u
interplanetary trajcectories
2. Propulsion - Nuclear a.d/or chemical
rockets
3. Operations - QOrbital operations and -
mission staging development requirements. :
. Earth Re-entry
Crew Requirements
Scientific Aspects
Life Support Reguilrements . | :
Cryogenics ;
Other Subsystems Definition - Electronics,
Guidance, Control and Power Supply !
Requirements .
10. Emergency Operations
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See Figure 2 and associa
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As the study progressed, somc of the specific
areas requirec more concenirated ilnvestigation due

.to the critical nature of the system and mission

constraints, duc to the laexk of current technologi-
cal solutions, or due to other.characteristics
tending to render the particular area a '‘problem
area." Some of these concentrations of effort
became passe' for the final mission choice whern

the nuclear injection Symmetric Mission was selec-
ted as the design mission over the Crocco Nuclear,
Symmetric Chemical I (Is = 410 seconds), and the

Symmetric Chemical II (ip = 300 seconds) to be

discussed in more decail? The sclection of the
lightest payload in Earth orbit for tnc dual planet
flyby mission eliminated the requirement for long
term cryogenic storage, an¢ for orbital operations,
such as rendezvous, asscmbly, and Iueiing, if a
Nova Earth launch vehicle is used.

Approach to the EMPIRE Studyv

As historic background it might be userul
to outline the course of the rceporiea study pre-
gram. In the early phase an effor. was made ¢
examine the Crocco orbit in a tarce wimensional
analysis to confirm its desirability for o cuaul
planct Ilyby mission. A launc: winaow wus ootaln-
ed in 1971 whien fell in the J9706-72 ora uauer
investigation. Ve.ocity roegulrencais, launcn dates
and ilight times around 400 days were ucrived. A
search was made for alternate trajecoories and the
symmetric trajectory wis I
window in the middle oz 1% 0L with a muce lower
velocity requirement for injectlon, but a algihcr
return velocity atter aboutl OuU : The decvall-
ed investigations on the two miss
the cata presented in the Trajectory Scction.

Uelle LU adve & launen

s51onts resalred in

In addition, the crew requirarents, lifc
support, radiation protection, ant Cnviromment
analyses were performed. Also, cnergency operas=
tions were considered with the derivation of abort
trajectories for return from un unsalisluaciory
injection phasc of the Earta departure Leg. 4
detailed analysis of the rue-entry tecanique includ-
ing evaluation of the appiicability oI aApoliv
developed technology was performed. A sclicction
of a re-entry vehicle of the higa lilt-to-drag
aerodynamic type with somc rocke: deceleration

“was made. This study and {ts results are dis-

cussed in the Re-entry secction.

The problems of guidlance and navigation with
the related mid-course and plaactary approacn velo-
city vector corrections were studied to deiine the

overall system requirements. Tihe goal was to
derive design data to allow a system synthesis of
suitable interplanetary spacecratt. All of the
above detailed studies, and scveral other areas,
were integrated to provide inputs tor tue inter-
planetary vehicles. These design considerations
and various system parametric studies are dis-
cussed in the Design Section. It should be empha-
sized that four useful systems were provided in
the various designs and that the all chemical
powered Crocco venicle was investigated and dis-
carded as impractical due to excessive size,
weight, and cost.

Examination of the various approaches :to

an early manned interplanetary vericle for the
missions studied led to the choice of the Nuclear

3



Symmetric Mission of 1v¥70, as indicated above.
This allowed a more detailed subsvstem and vehicle
definition and provided a program Jor the opera-
tional analysis and the Dcvelopment Plan aand
Funding Program. Figure¢ i shows che EMPIRE Inter-
planetary Spacecraft for tiie Nucliear Symmetric
Mission. The lower portica pictures the nuclear
rocket injection phase rrom Earth orbit to the
first interplanetary leg and the upper part of the
picture shows the deploycd spacecraft approaching
Mars. The Earth Re-entry Vehicle is attached at
the forward end of the spuacecraft.

The general conciusions and reilcevant recom-
mendations based on this study scrve to Iocus
attention on the feasibility orf tae mission con-
sidered and the necessary developments to accom-
plish a useful program.

Mission Cousiderations

Ground Rules for EMPIRE

In the present study several poiants were
established to provide guidelines. The trajectory
was to provide a multiple planet flyby of Venus
and Mars. The launch time was set for the ecarly
1970's. Propulsion wus Lo be wuc.ear and/or chem-
ical. The boosters Lo be consiuered for Earth
launch were Saturn and/or Nova Lo be launched from
AMR with mission staging to be investigated in
Earth orbit or in interplanetary transit.

It was specified tnat survival of tne crew
was essential and that the design should allow
for a 3 percent growth in velocity requirements
and a 10 percent growth in payload weight when
booster and injection systems are sclected.

Also, the scientific aspecis were to be con-
sidered from the point of view of desirability,
compatibility with the mission profile, and only
in sufricient detail to esctabiish spacecraft sup-
porc requircments essential to the overall mission
design. '

Use was to be made of systems, concepts,
and techniques currently under development with an
effort to avoid extension of capabilities beyond
those developments programumed for Apoi.o. Alchough
not specifically set as'a ground rule, abilicy to
actually perform the mission selected in this
study required a conservative approach to selec-
tion of system parameters anc capabilities for
the 1970 period and this approach was taken for
all areas of this study where feasible.

Scientific Experiments

While a detailed system Integration was uot
performed on the scientific payload, an investi-
gation was made in order to arrive at a useful
weight and power assignment for spacecraft synthe-
sis. Investigation of past and future experiment
requirements in the unmanned military and space
programs with synthesis of several experiment com-
binations into payload packages supported the
finding that a useful payioad weight of 000 to
2500 pounds and an average power oI 200 tc 300
watts represents a reasoaable estimate of the
requirements for an integrated payload package in
1670. This considers tiiree phases of experi-
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mentation in five steps: intcerpianetary (and

Earth departure), Mars approsca and ceéparture,
interplanetary, Venus approach anc departure,

interplanetary (and Earth approach).

. Many decisions remain in the choice or
experiments, delivery tecnniques, data processiag,
data transmission, and other &reas. The cetailled
selections will undoubtedly be basec largely on
data to be obtained in the !v02-63 pianetary
experiment programs using unmaaned spacecrait and
automatic equipment, therciore a general alloca-
tion with a minimum of 1000 pounds and 300 watts
for spacecraft support requircments was adopted.
For more detailed discussion vl possible experi-
ments you are referred to G. e Vaucouleurst.

Trajectorv Studies

Several trajectories were Inveacigotloed using
a patched conic computer program. Toe crfue cg-
tories included ihe oae suggestion by Croced™ for
an orbit by Venus and Mars with an unperturbed
period of one year and a semi-major axis of approx-
imately 1 astronomical unit (a.u.). Investigations
showed that a detailed three cimeuasional analysig
using the actual orbital elements ¢:i e planets
led to somewhat different conclusion: iltnoush
such a jourmey did have a2 launch wincow In 1971,
The energy requirements for injection were nign
and proved to require an excessively larzc vehicle
due to primary injection boost requirements even
with a nuclear engine.

The Crocco mission and the aiceraate, or
Symmetric, mission trajectorics are inziduted in
Figure 2. The Crocco .vajecriory can pe reauily
correlated with the upper disgram. Tne Symmetric
mission of about 600 days derives its name rrom
the approximately symmetric launca and arrival
positions of ithe Earth with symmeiry about toe
longitude position of Mars at the midpoint of the
spacecralt trajectory (neglecting pianctary per-
turbations). '

Launch windows, characteristic velocities
required as a function of time, the nyperbolic
excess arrival and departure velocitles at Mars
and Venus, and tne Earth re-catry velociiies were
computed using & Planetary Transier Program aud
a llyperbolic Turn Program for botn tne Crocce and
Symmetric cases. A cOmparison OI ine mOre ALpor-
rant features of eacn is given in Table 1. Herc
q is the periapse distance oi closest approacih to
the center of the planet in planetary radii. The
cnaracteristic launch velocity is the impulsive
velocity increment required (o inject from a 300
kilometer Earth parking orbii into the required
interplanetary transier orbit. The comparison
berween 5.3 xm/sec and 10.1 km/sec for the
Symmetric versus. the Crocco mission readily indi-
cates the difference in injecticn energy require-
ments. Tne design point mission 1s the symmetric
trajectory passing Venus and Mars in 613 to 631
days with launch from a 300 ko Earth orbit between
July 19, 1970 and August 16, 1470.

It is evidgnt that ¢ iacreases with launch
date for the Symmetric missic, with 4 value of
1.3 Mars and Venus radii at .ue beginning of the
possibie launch dates and & vaiuc or 2.0 radii a
month later. The legs of the mission include the

following times:

s



Earth to Venus about 97 to 102 days
enus to Mars about 191 to 199 days
Hars to Earth about 312 to 343 days

The total mission will run from 613 to 631 days,
as shown.

Abort Capnchiliicics

Single impulse abort maneuvers irom a geo-
centric escape trajectory have been iuvestigated
to determine the velocity iuncremeat necessary to
accomplish a successriul return arta in a
specified time after abert. Escupe trajectories
nave been assumed to have o perigec radius of 1:1
Earth radii, with hyperbo..c c¢xcuess velocities
varying between zero and sixteen dm/sec. Abort
trajectories are assumcd to be cliipiical, with .
a perigee radius of 1.005 Zarch radii. Tne cscape
trajectory and abort trajcclLory ave assumed Lo be
co-planar with the same rotational scase. Abort
action is initiated at distances between 1.5 and
10.0 Earth radii. Times fvom abort to arrival at
perigee (an indication of {ligar (ime) vary from
15 minutes to 10,000 minutes. Purcaciric plots
have been formed which relcte tav veguirva velo-
city increment to abort radlus, ¢scupe traiectory
excess velocity, and time {rom abort (o arrival

at perigee. Re-entry veiovcitles are, of course,
less than parabolic in wma. .. itcde, and (he re-entry
flight path angles are mciviy belween 5 wad 7
degrees.

e problem of miscion aoore ubf iess woaa
Earta escape velocity nus airvewuy recelved coa-
siderablie i{reatment in tine open Literuiure’. For
the ENMPIRE mission, however, it 1s accessary Lo
extend the abort capability to escape trajectories
with a considerable vxow. - velocity. Since the
abort propulsion recuircnent will pe governcd by
tie eXteat 0L thds capablilily, iU was Jecessary
to paramctrically invescigate oo vonulsive

UCl avuris. 1o serlurim.n tae

L(,uu*fx.mc ats ror
L

3
Study, 1T aas been assumed Uil o o1a,.¢ iinrust
application wouid be used, tu

a
tory is co-planar with tiue escape trajectory oad
1

LY

£ Law woull (Ya ec-
that the r;-;nLry Corrid
unperturbed perigee .ocatlon. ALoTrI (rajectories
are assumed to be e¢iliptical, and wich the sane
rotational sease as the escape ra jediolfy. o

¢
attempt nh&és been maae to speciiy landicg Locations.

or 1s speciricd by an

a0 Sediielry Lor
<O -

Figure 3 shows thc releva
periorming an abort mancuver Ifrom o ayperooiic
(or parabolic) escape trajectory. Too ¢scape tra-
jectory is defined by its porige
hyperbolic excess velocity V.
is defined by its perigce racius ¢,, and maor
semi-axis a. The dashed abort elilipse is iden-
tical in geometry to tae soild oue but dillers in
that tae flignt path angic at anorc 1s acgative,

e radius ¢4, and
The ubort e:lipse

resulting in @ quicker retura to Earta o toc
expense or additional abor: velocity. 1
two solutioas, ©nose invoiving reiro-;cade moiion,

have not been considered ia vicw o Jhelr ogreater
propulsive requirements. The vo.oo.iy Volior
diagram cefines the abori weiociiy Jode.rement
A V.

Figure &4 parameirica:ly <oelinues oo wDOYL .
propulblve requirements for one CI L.¢ L30YL IGell

c
investigated. Time {rom abort to arrive

\
gec 1s used as the abscissa 4, cercrence te its

¢
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importance in cthe abort proo.em. Tue parameter is
the hyperbolic excess velocity for the escape tra-
jectory, V,. The range shown is .uificieat to
apply to almost any currently cnvisioned spacc
mission. An abort radius of 3.0 Earth radii is
used for this figure. The following conclusions
~may be drawa.

1. Except for very small excess velocitie
and abort radii, a reduction in che Liine parame
always results in an increased velocity increme

2. For moderate abort radii, & significa
reduction in the time paraméfer may be odtained
with a modest increasc in ve:ocity incremen

3. Regardless of excess velocity, the aboret
velocity requirement will ultimately increase witn
abort radius ror a given va.uc of tne time param-
eter.

Item 1 suggests that there is a oractical iower
limit on the time from abort o arrival &u poerigee.
Item 2 suggests, however, ihcet a fairiy iow .ime

to perigee (say lUU0 minutes) can be achicved with-
out an excessive abort pyopuision requirement. For
example, for a typical S}umm;rlp Cldss trajc
(Qyenus = QMars = L-3) with an e¢xcess veleclt
7.1 km/sec, an abort veiocity capabilliy of & &
sec would permit a vretura Lo Harin Lo oaoul) nl
if abort action wereC Lasuvi wi & Jeooaale ui
Eartih radii. Az 3 Earth roeti, .o welo
crement would still permic voitur. .o Earth
about 5000 minutes or abosi .. duys.

An additional cousidev.tioa wn
the abort problem 1s thce rauwius at whicn tarusi-
ing along the escape trajeciory Is comp
cept for very iow ihrust tic cctorics (e...
trical propulsion) or very .arge cscape vei
it is anticipated that barning will be comp
within less than 3 Earth racii?.

Guldance ana Navigatiowo

The following "modus ¢perandi" has oeen -
hypothesized as most appropriate for the EMPIRE
missions.

The space navigator would oe supplied an
updated ephemeris by meadans of & sultable network
of ground tracking staricas. A sc¢lI-contained
system consisting of an un-toard stellir tracker
and associated auxiliary cguipment will pe avail-
able as the redundant system for the transit tra-
jectory determination. Tnis optical part of the
system would also bé employee as tie rilacipai
guidance sensor Ior the pianctary approuch phase.
An additional benefit would be the availability
of vehicular attitude information &s a redunuant
sensor to the attitude contro. sYysiem.

The mission may be expccted to be initiated
by the placement or the veniclie into a suitadle,
precomputed Earth parking orbic. Iajection inrto
the heliocentric transfer orbit wiil be initlated
as the vehicular position aund velocity vectors
are appropriate to the apeciiicd inlzial condi-’
tions. As a consequéence a@rf che uncertaiaties at
injection, due primarily to .he errors in moni-
toring the thrusting phasc and tac errors in de
mining the parking orbit epacmeris. one may expec
a significant variation of .ne nom.nal neiio-
centric orbit, hence, some mid-couvsce maneuver

7
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would be required to rediseot
new nominal orbit so as Lo uco
scribed terminal conditio..- . *
of the target planet. dlsc. ds
tae uncertainties in deterulning
vehicular heliocentric orbiia: suraneiers and

the monitoring of the applicu characteristic velo-
city during the mid-coursc mancuver, onc would
further expect some trajectory variatioas at the
target planet. 7o reduce :this error a planetary
approach corrective mancuver for the EMPIRE
missions has been inciuded.

The mia-course correcrion reguired for each
leg of the mission lCu is Ty & propulsive capa-
bility of approximately 200 Icer per second. This
provides a total mig-coursc correction AV ol 600
Ieget per second and gives o aporoach corridor for
the next planet intercepr of nately o000
kilometers. To trim this o &« .cceptabie value,
a planetary, approacn guicunce sysitoea 1s required.
This system ’7, which 1is.basce oo an
surement between two sidars and the La
along with a diameter measurcival o.a
disc, provides navigation inior:
spacecrait into a sultably ¢iosc impact (0 execure
tie desirec turn angle at the nlanct. A coaser-
vative stuadard ageviatic: opilca. sensor
of € = .0002 radians {or the curwy 1970 time
period leads (o0 a requirenens Zor tae fo

S Ned -

-U sauanet

RES RS et

tion Lo puide the

incremental velocity corrections:
Mars AV = BRIV
Venuas LV = O L
Earth AV = Jouv 1o
Tota. AV = 1340 ips

Coupled with Lac miu=Coul . Jodcuciions a
totatl capability to proviae ve.oolty correciions
of approximately 2000 Ips, or v.5. &

been inciuced in the _‘AIA“ shacecraic

A e = N S, e e . R - .
G CRAGEaa Lol 0L L sueNVelas syslem Ccom-

PoOnCals FeGulled 10T Lile gulddace aad control

LeiCiion, LOoY tic EMPIRE m‘oalOJD was coauducted.
In particular, the subsystem reliability require-
ments have been derived and aa cstimate of the
present day reliability staandards {or each sub-
system determined.

Assaming o

ng bsystoenm rulisolility, R, of
neles

su
ary mean-time Lo lallure was cal-

‘<
.

w
culated using the well knowa reliucioaship

- ChHeratin: T

owean it Lo 1l

An adoed measure of :cliabili:v may be
achieveu througlh the usce oI
by allowing complementary syStgms Lo buck each
other up or by multiplc syvstems. In that event
the reliabilicty is threﬁbuu as

u\_x\JD :Vo Cums \.‘.gﬂLr

CI

R= i- (- Oy ()

The following componencs wi.. Jorm tne
principali zu
mission.

5

z C
R . N e e TMATYT O
idance subsystems IOY Lae ZMPIRE

————
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Attitude Control Pacxia.c - Consisting of rate
and dlbp.aCLqu BYTO s&nsors, LaC subsystom will

>
provide the required attotude sigrais wurling
thrusting phaseb of the Inject: id
planetary approach mancavers
cntry phasc. Since each of the two
sors may be required to provide an a
put (rate of displacement) in addition to its prin-
cipal function, the MTF o:f ¢ re oattitude con-
trol package was increased by & Iactor ol wwo.

[
(¢S]
o
ot
)o

Star Tracker and Compuicr - Tuils subsystem
will operate in two principal modes of operation.
Basically the star tracker anc comput
vide the spacc navigator the capabili
lish the vehicular ephemcris during oo
centric transfer and the pianetary app
vers.

y 1o cstab-
L.: - :
r

Ooaca maneu-

N . .

Sun and Plancet (Earin) Tracier - Zavse sen-
SOrs provide tae oricntaticn data re.gired Lo
stablize the omni-directivuar antenna i1a the
Earth-vehicle comnunicatrioa link.

[

A summary oI the relisoilily estinates
the several subsystums is < Laed 1 a

@)
—
[
N O
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rr
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i
[
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Larioa ~oeluru

The xinal payload aricotin. svslom dcasi
is the re-entry venicle. o wetuilca stacy oo

subsystem as

g

cen made Lour ae Livby traicciories

passing both Mars aad Veods CoeaaT
regu.remeals Lor the wy/u-,2 tinge peviow. lese
resu.ts are not directiy cllanew TO 4 oparticusar
interplanetary mission, sat .pn! L\uuxly to Earth

~ - . . . - N P .. B
Guneld oY, Ll re-¢ Ve oCo o) SRR
Lrvdlued Gs & var.adle wit Teslit Lol adat

procvection aad provulsion reguilrenenits may be
estimated taroughout the valucily range oI inter-
est for iaterplanctary missions.

As SDOWH Ll FLLUre T, ATl Jeoed LSDos O
ADOULLO- Lj" N Hign L/J (“A.L JCM,), conl

NAVEe Deenl Cuils iullow Lol e SLeSLs g

e 's dtmospacre gl 1nltidl vesucitlies woll
above tie Earth escape velcoley.  Tacse Vealcics
were sized I0r @ Crew of »ix.  The noninal re-entry

velocities for e EMPIRE Crocco wna symnwiric
orbits are 13.3 wm/sec and 1o,
ly Zor a nonroating Earta. At
radistive acrodynamic heatinyg Ircm ioaized Zas
ancad or the vehilcle 1s prescent in addition oo
convective neating for wihlch Mercury, Gemini, and
Avollo are designed. Radiative aeating is mini-
wized 1f vehicles urce more pointed, whcreas con-
ective heating requires bluatring of the venicle,

3 wai/sece, respective-

these velocities

An Apollo-Type configuration would cator
with its edge tilted in the dirccrion o toune.
for two reasons. The Iirst reason 13 laul oo
reducing the radiative catxag at the e
some increase in convective neating. The otner
reason Iror tae dpwurd picech attitude
is that of creating 1ift o g

'"‘ﬁ)

of-gravitv. This is acce
L4CLOYY TYe=cniry corridor deo




A High L/D vehicle would open up tae re-
eatry corridor considerably. Again, iz would have

a pointed nose to minimize the réuiccive heating.
As was the case with apoliv, the High L/D vehicle

N

(a) until a certain g-iimit is rcached. A
that, the vehicle would graducliy pltcu Iforward
toward zero & maintaining cinls constunt g-limit.
Subsequently, it would mancuver ©o sclect a suit-
able landing site. This nouul B k

gram would enable re-entry a4t high v
greater certainty of survival, provi

would initially enter at o high angle-oi-attac
m £

11

S
ovide crew
has been preconditioned Lo onc g or S0 Lor some
time during the last rcw woeoks ol interplanctdry
flight. A 10 g maximum decercration 1o experi-

enced for approximately uie minute du
re-entry maneuvers iavest.gatoed in thls study.
]

An entirely dirffercent re-ceniry concept is
that of the Drag Brake system wiica modulates its
drag near the oversnoot torridoxr
constant g-load and to muintaicn

v

[
distinctly different is the conce
surface of the Drag Brake reracic

a
as rapidly as it receives 1o, whercus tac otner
two vehicles dissipate tile cat
of heat shield materia.. OQac oiiiic

Drag Brake configuraiion s Loal (oo oigicsc heat-

ing 1s taxking piace on tne face oo ooe Lpollo
requiring a large neat soicla Loedo. Poincing the
body and trimming bacs Lhoc Oreke Woule danimize
the heating, out this wouloe necca of
weight to naintain the solw
In additic., taere are .

a satisfaciory heat roevrio...t

Thel DTraKe

velocitics ana the diii.cu.ily o cunldioL.ing the
flight path angle witn soizlcical .coaracy to
inping too deeply inio lie utmosphaere or,
ly, that oI sxippiag out waen not desired.
Mindnum sYsUoi woi oo wWolu lulad L0 sHist
IOT & COmDINGUION Of GUlu.l.illi.o &b Yelow=U0eRel
braking.
initially 1o cecelerate Jrom i UU-ealon ve.o-
citics. The minimum tot.. ~elnl, Zhdieiinl oo
trodeoil of heat shicld oo reoro cait iz deloer-
sined for both the Apoiio uand tne High L/D veanilcle.
Thae Drag Brake was analyzed [or complete acro-
dynamic braking alon; the overstoot boundary with-
out a deliberatd s«ipoul wmancuver.

Comsoquentey ., JverO-i.lualliid i .3Cu

venicle ot
over the Apollo-Type and Drayg 3rake veailics.

o Y
¢rs advantages in eantyy corridor depth

Figure o shows the corridor for Earin re-cntry as

a function of the entry veliocity. The High L/D
vehicle has L/D <~ 2.0, :tho Apoiio-Type na. L/D
0.5, and the Drag Brake nas L/D < 0.3. It is
evident that the Hish L/D vehicle provides a corri-
dor with much less stringent comstraints on ter-
minal approach guidance related to altitude and
attitude errors.

The difficulty or scasin i
a fraction of a degree angle-ci-attack require
control tihe Drag Brake conti ek ]
the problems of reradiavive mate
skirt, propulsion ro prevear skipout, ana lack of
terminal maneuver canability tencod To ¢ilindr
this approacn. Toc anoll
deeper entry covrid

Y . e iod e
L TLVDe sysLein Wilh

O urnid roil modulation witn
offset center-oi-gravity .ives u betrter =
approach, but the requiremcnr oy maintainin

/0
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Drecisc Conlrol over ang.ouv-C.-attack, aind ac
smaller landiapg sitc sclecilion capaoi.lty tended

to discriminacte against

o

i

-t

15 approact.  In othe

final analysis the Hign L/D venilcle with deepest
catry corridor, widest latituie in site scleccion
and conventional landing capeoility appeared o

a - N

provide the best approach u-guuv;w d.L Lorcee
vehicles are competitive in weigat Liremoncs.
For this reason, the EMPIRE Luarch Rb-e“:ry Vehicle

used the iigh L/D coniigur.iion.

"
..C'

Figure 7 shows (0C Tesulls OL Yetro-upropul-
sion and aerodynamic braxin, Ir.deoil studies. It
is evident that feor this siudy and the systems

proposed for Earta returs o comcinartion ol propul-

sion and gerodynaiiic Jte. ., DTIVILes o mininam
welght Ior potn tie aAjw-ie wad wui oo L/D vebicles.
The minimum point on Che woljni verlsos cniry velo-
clity for pure acvrodynanac brocin, .Lows & regulire-
menr to refirc aown to L3.5 .m/scec ior the Apollo-
Type and to 13 km/sec ior

design point veiicle tnis

13.0 or 2.8 xm/sec for the unroduision system. A
liquid propulsion systcew with storau.e propeillants
was employed for this mancuver.

A summary comparison of (a¢ tareo vedicies
is indicatca in Table 3.

Tace design venicle for tivls stusy 1s suown
10 its pltcned up entry moce in Pl
small nose radius tends to mlinimi
(radiative plus convective) 1for the &
mode. It shoula be noted toat o detal
cussion of theé entiry stuulcs may be Zound in tae
proccedings of the Symposium on tae Exploration of
Marss, where recommendations for additional study
and experimentation are given.

C
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Spacecra

-

Geueral

Conceptuair design of e ZnPIAL spacceialit
for the dual planer flyby missicn was vcc;mplishéd
for several types of pronulsion systulle wiw 10T
the Crocco and Symametric missions.  Tho deslgn
criteria were bqs »d on mlssion constiyalnts, eaviroan-
mental effects, and crew recuirements with subsys-
tem choice ba ed on reliability, availability, and
weight.

The main mission Colstrulnis avre the Lime
and energy: 404 days for utne Crocco Mi

631 days for the Symmetric Mission wicl rg
based on velocity increments previously discussed.

The design choice for the aerailed analysis
became the nuclear injected symmecric spacecrafc
based on the constraints of reliability, availa-
bility, weight in Earth orbit reguired, anc cost.
The dpectrum O conceptuadl desiuns icading to chis
decision were all based on the same design glitcria

3

cexclusive of mission energy requircments.

mg jor factors were c“Vl*O“ALHCLL ane Crew reguire-

ments.  The envivowment inciuvded meteoroild pro-

tection based on estimates of near Loarth impact

sates and theoretvical damage mechanisms). &lso,

all systems were capable ol operation at zero
vxty, alc hounh the soacccrait WO L

o G

e

term crew exposure. The spacce vacuu

//




materials and the h

eren S5 -
craft to provide redasona.v 5 W
investigated. The crew 5 d life
support consideratcions, Y logical an
psychological, were incluuicd. The caily require-
ments per man inciuded O, - 1.5 1b/day, H,0 -
Food and Irink 4.84 1b/ddy, 1,0 - ozner 20.0 1b/

Zhe
day. Wastes produced per luded: Urine -
3.08 1lb/day, CO2 - 2.25 lv/day, i,0 - 2.20 1lb/day

An analysis was per:iormed o ihe crew duty
cycle and crew size and it wis found taat on
missions in excess oI 2 L¢ & woek. « minisum crew
of five persons was requived to puriorm the re-
quired tasks on a regular basis, wit.oat L0ss of

efficiency. 1In order to insurc ulcquate allow-
ance for all functions an. Inc.udy chiergency capa-
bility a minimum crew oi . .w was cstablisiicd. The

crew and duties arc spoc.:iiec I Y
typical activity schedule coveri.

shown in Table 5, where eacn lelter ronfeccals a
different member or the crew. In 1L :
importance of crew aumber o the overall mlssion
and spacecralt cesign, i 15 uXiremely imporiant

S
e L oand a
o

O
that detailed iavesti bJ:iQR in the area of inter-
planetary crew requiroments be continued in depth.
Presently discussed concejits have inciuded from
threec to eight crew menuers for varioos Mars and
Venus missions wica Jusu.lans wide variatlion in
weights and systems requlred fur conerwise similar
missions. The conclusiun. from o.r sctudy appear
valid also for other nisuiuns. Tuoul is, the mini-
aum crew for any extoenace missi soould be ot
least five persons witih .o formul recuireoeal of
s1X astronauts. Laadi. , oMLTP I,
would require five or six oius the aading crew
if descent from Mars orbii( is cmployed or iae
possibility exists that the return trip could be
an impossible task for the crow remaining in the
spacecratt,

o

The 1iving volume includes
of frec volume per man wiih oaly 50 cusic feet
required xor short periods of & few days in the
radiation '"storm ceilar.” The elloweble radia-
tion dose was taken as 20U Rem Lor fhe entire
mission witih the most sirimgene voguirement a
restricted siort term Cose Irom &n extrome solar
flare. Alsou, this toial dose¢ cr':urion provides
a high probability that to¢ tris will not Lcave
the astronauts without oi.owunce Jor additional
exposure from normal lifctlime sources pefore and
after the mission. The suield includes 50 em
(46.5 gm/cmz) of polyethylene plus the aaditional
tank and vehicle structure shiclding of approxi-~-
mately 20 gm/cmz. Optimization of material in
the shield (i.e., loadiag with materizl having a
high absorption cross=-secrion for cascade neutrons)
was not performed in this study. Such an appro-
ach should allow some reduction in weight for a
given expdsure. The total mission Jdose comes
from the trapped radiation, solar flarc protons,
cosmic radiation, and nuclear reactors in the
propulsion and power systems. For ithis spacecraft
with a SNAP-8 auxiliary power unit the Van Allen
passage and reactor dosc plus cosmic ravs gilves
approximately 40 Rem. A single flare of tae
10 May 1959 type would add 70 to o0 Rem with the
shielding provided, and smaller, more numerous,

3 and 3% flares would deliver ano:ser 30 to 9C
Rem for a total of 200 Rem curiag the Symmetric
Mission based on estimates for 1570-72Z.
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The comaunicasion svsi
minimum system IO VO
power requircement ot

spacecraft antennas na
mation oanculotA, anda
quency rangoe. More e
used with only nominal in
of the spacccrafc.

o
AN

]
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+
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Attitude control 1is provided by a rea
control propulsion system. Tails Is used for spin-
ning and despinning aad also po
craft prior to propulsive veloclity corrections.
The estimated welgnt or the system is 1500 pounds.

Auxiliary power wouiu be pYOVidud by a
SNAP-8 nuclear reactor powuer svysoum wWwith a dbackup
unit for the required mission 11§g':m'. A pre-
ferred system could be o sclar coilvelor Wit a
turbo electric generatos On wWhilch too.alonance
could be performed., The 12 K sy-toem uader devel=-
opment by Sunstranc Cor»oraiion wWouiG Deel oie
mission requirements.

The propuision studies Inciudec nuclear
engines for injection from EHarth orbit und
chemical systems Zor injection aad/or subsciuent

mancuvers. Two ranges u; chacnoical system perlorm-
ance were considered will, Loeclilc Luipuases O

I. sp = 410 sec and I. = SUu sce.  She exirapclated
anlldb lity of nig o bijL‘iC Lmussc (ri-propell-
ant or other bLOrdblt coemicals, Tog Lo oa choice of

ISp = 410 sc¢e for the miosion = ..oocrafit. Soiid
propulsion was c¢liminate. Gue Lo LAl 10wWer perriorm-

ance and problems of ilornl form srofection dgalinst
meteoroids as well as cancbilily 10r (est aaa
checkout during the mission.

Tace sus;ystom Uil dTre

both missions in Tabie 6.
Spacacr. Configurarion

e I S e e D n e R
CThe GesS1Z0 POLNT Culi LPBLUdTion Gevelonce
e -1 Yoo« B .. . . N - .
dur.n the venlcle welohl Loacniesls I8 s.0wa on
r,- . ~i l 23S N . Sy O Ly T Toen - S -
ulle Y. LA N-0D0olw JUL1ax B B SN A S R
- s . .y . e _— m
ior arrangemenl O i Tre elilU0Y sihedulliali. ne

Earth re-entry venicle 1. oricnied 50 Laat injcc-
tion and separation forces wWiil su Tece.ved by
the crew in the opiimum maancer Jooesi to back).
Thae entry retro-pacs 1s & Lwo-.Live caeinlcal pro-
ellant system whica also Zuuciions as tae abort
system in the event of 4 fuliere wiithin a 3 Earth
; conter/radiation snelter

radii range.
iy located centrally
which are extended tarca,s teioescuping cvilnders.
Protection for the croew Irom radlailon Lo pro-
vided by 50 cm of SolveL.y cne walca compieicly
surrounds che commana Scnter. AL ared sel aside
for an inercial p”aLLo* and welgatl 1
mentation is located jusi uft of the command
center. Four chemicai u:opglxa: tanks waich
srovide trajectory correction fucl are placec
around the command center.

cae living modules,

<

N

This entire core 1is surrounded bDyv eighc
second-stage —;rjac:ion tanks. These tanks are
retained throughout the mission Lo provide mete-
oroid pxocch ion for the propellant systewms con-
tained withia the core.

/3




The top view depicis the veinicle before aad
during first stage injcction. Firsc "ﬁge injec-
tion propellant 1s conzaiacd in seven cy.indrical
tanks. The ccnter tanx also'scrvcs 4s structural
support for the injecticn c¢ngine assemdbly. The
living modules are stowed, as they will be during
Earth launch and interplanctary injection. The
antennas and SNAP-8 power supp.ies are also stowed
until the mission trajectory is attained.

Figure 10 shows the staging sequence employed
from injection to Earth entry. The venicle is
shown during first stage injecticn with propellant
from the seven tanks being Lgd into the main engine.
The crew is located in the re-entry (abort) vehicle.
At the completion of Iirst stage burning, the six
peripheral tanks are jcttisoned, leaving the centerx

tank as structural carry-through betwecn the injec-

tion engine and the remaincer of the vehicle. .
During second stage oi the the
propellant in the secon. otage v into

the main engine. At Ch¢ comp.éi.on O d
stage burning, the main cugine and Lirst stage
.center tank are jettiscacd.

After the traaster traicctory .ds boen estab-
lished, one SNAP-8 power supply aund the two living
modules are deployed, anc spacecrait rocavion of
approximately 3 rpm bogins Mid-course corrections
and planctary approacih corrections are uccomplished
with small systems Iceo fvom Iour tunws located
around the radiation soc.ler. o second SHAP-3 is

Ior tace eatire

carried (o insure adéloioie DCUCT
-

missioa. In the eveat of & maliunction, the first
SNAP-~8 is jettisoned with its attendant radiation

problem ana the sccond ceploved.

piete, the Ccrew enters e re-oniry vebilcle and

the re-eniry system 1s separate. Ly small posi- .
gracde solid units. Tne cntyy rcooro-pack deceier-

aies the re-entry veaicle o o velocicy ac which

e
Sull acrodynanmic enivy in Icasibic.

”wo Of the mos: Important paramcefers in
nuclear ‘engine performance are thrust and burn-
ing time. In tne time remaining ror EMPIRE
mission cevelopment before 1970, auclear engine
tarusts above approxunctely 30,000 pounds appear
to be questionable, thoervfore the buraing time
was calculated based «pon € viaiue L0 glve
2873 seconds for tine Syw.actric injection LV of
5.3 km/sec. This excecd. current escimates of
burning time, which cre .imited o reactror
material and a;51gn co
on burning time and spaceciait weliht with vari-
ations in nuclear e¢ngl
The data are presented i1n graphical iolm ia

Figurc 1l. The curve shows Lhar e nuc.iar

oa

rT

G .wCrafions.  Tac ¢ifcect

i
e thiowsi weroe ¢u‘c“LuLed.

engine burning time decreascs witn ilucressing
thrust, waile the overcll imercase . in spacecraft

weight for the wide range in thrusi is ool scvere.

If one were frec to
thrust and burning time ¢
be best performed in ligh
technological capabilities

v

)4 ‘
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r—




T den

s e e i 1 o

[R—

ey

[ AP S

[P

nuclear rocket engine navios

pounds capable of burning metely 800
seconds. For the 197z dua oy mission

an increase to approximacal: 5
time would be required. Loter missions up te 1983,
when Mars 1s 1n an éven loss ¢ po :
opposition, require much 1

Confiouration Summary Zor M ssion Svacecraft

conditions aud the requirement for rac iy

To provide a comparison of the possible
spacecrafts tfor perrforminy cua. planct flyby
missions envelope drawings aad some of (ae major
parameters arc shown in Fijure lZz. Taoe four design
vehicles which were invescigacea In devail are
shown in proportion to an at.as-Mercury system as
it would appear ready Zor iaunch. Tne enormity of
the Nuclear Crocco spacccrari is evident aand is
primarily due to the larze ciount of low density
hydrogen rfuel required (4.4 Lds/cu.ft.). The
chemical propulsion svstems caving more densc
fuels (approximately 60 tusiew.ity) occupy smaller
volumes for the same to:icl welight.

@]

Note that the Nuclcar Sw
with a weight, W_, or 373,000 1bs., a unrus:, F,
of 50,000 ibs., and an injcciion barning
of 2800 sceonds would represcenty aluiust WO Saturn
C-5 payloaucs in Earth orbic. 7The Chendcal Symmet-
ric veaicle (I, = 410) wouia be aoout Zeur C-5
payloads and tne Nucilear Crocco spacecrait would
be about ten io twelve C-> puyivads.

el 1e snacecrar

tinw, Ly

Launch and Orbica: Upcraticrn,

AN aNaiysis was polriormci L0 JLrive 3uLcaess
probability for the design mission in Lvy7U bascd
on anticipuced developments In Zavol Launci
vehicles (ELV), orbital cperatiovos, and nucleur
injection engines.

Tae winimum awoer or JLV's wo oo labiished
IOY ¢acn mission wilhl Cae Saiura O=3, Novu wind
Super Nova Dboosters incluued 1o Lhe foaiyses. Toc
ELV's wore defined by a noninal puyviocsd capavilicy
to tae orbital altitude for interplanctary injec-
tion (360 km). The C-5 wa '

1

240,000 pound capabilicv, tiic Nove canuol
taken to be 500,000 puuiuls. und the Super Nova
was taken at 700,000 pounis {here direci inzetion
of tine 152,400 pound Inturn.anciary aft
Payload woulc be possiblce).

Reliability tronds woere oxirapo.ated basced
on developmeill programs Ccotsistent wiin present
7

missiontl. oOrbital operacions are a wmajor pa
of the consideration and cvstimates were o
the 1970 time period based !
launch operacions studies
results of this investigerion, Figurce
projecced ELV reliability ctrenas waere
incicated the prababilicy of satisrfactory Loosi

performance in a singic test. Figure b shows toe
projected orbital launc: :
probabilities. Combinacti
the mission in 1970 _sives U

waere the number oi LlV's rfor

£V successful mission
accomplishment is snocwn c¢i oLch curve cllowing
for no backup or redunuant systems. Eased only
on these coasiderations tuce use of a single Super
Nova is apparently the best route gor highh prob-

ability of a successrul mission. Of course, wnis
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provides for liguld injccilcn ¢ tac spececrait
into interplanctary transii anG oilminiles tne
low reliiability factor for (ne nuc.eur rocset in .

The addition of redundant aucicar engines .
to merovc reliabilicy and dccelerution ci the
nuclear cngine development program leuds to the g
results shown in Figure 15 The zain in ousing ‘
more Satura C-5's to provide backep fer Zarin :
launch is also rerlected here. The use of Jour :

C-5's and two redundant nucleal rocket enjines .
places the probabilicy c¢f Success et 72 percent :
for the 1970 Sywmetric Missicn. EZven wicth this
approach the reguirchc.l 10Y 400U Caépelilily
from all boost »hases of (oc¢ mission is eviaeat.
Similary soudices ooy Del.ieo IGT Lae Nova
aad ais

development wors starci. L@ L..e Jresent Sime. .

.
O 1UY Lav SituaeiTio MiLooon in v72 wlith

The resuit 10T Ly /SL LS shown

)
= W
~f

in Figure

ares

nuclceay injecci
15 DO5351040 GallCUMi 2L VLaewr DUl Ll oMicels iV

S o N Y . - “r . P RN ~ .
crbital operations, «uore LisloLlidy in Gl opneses
ls YeGuaToea Lo proviae oo’ e Leaiie survivald

N A PR B DS . Ve Lo s R PO B
Prodbaovisiiy), vdlsu) OB UL, Cvguidel LU GalOW
for suiflcicnt misoion suv . car pYodesiiicy, redun-
cant nuclear 1njectioa

e Les L rabae LOT

Laese C‘Ll’ly 11‘.;551\);1:,, SocLuldied nucagar
CNJINEC QeVe 0PIell s v lad e,
SCneduie & SN
. e 3 DI ..
A wUCluilued DUVULU_mk-g

LOr (A€ 2Y7U 14dDCi Galoe ..
focus the crivical dovolore

lisn the supportin. sCae ieau

cpment. The general consiraiooe i -
. . R LU T I § . - . N T o~ . -
Lietts LO Use APOLL0 Daluwlal e wo . Lol aelogy waelc

feasible, 1o laanc at the Adg.uaile fissiic Rause,

P Ao - REURRTEN . RN . e
an LO Usce LOGTUVWLTC Goiuday Liidel auvueLoomient

Where nDossivlce. Pulle.d odluoedso sncule ia-

clude all EMPIRL DProsTo —usoc ciice 5. walov

TOSCAYCH &nNd Cevaidl 0. wusite Lol Lol LAY DoCKet

enzines, nucleary Sowic_ary on .0 L hL.o L ozaturn _
ELV, Nova ELV ATDOLLoe . WD T_a0T O el ool Lieaek '
planned cevelopnedl Ior L.oo .00 LUl Slavewiu. :
Although 1T is AUClssury Lo Clpiw-ou S0me oL Chese
developments, the rounc roles ave veca rollowed

and quy the actull havaw. e ond R&D costs Zor
the EMPIRE spacecrarit, sulaystems, nda production

boos;crs have been

tioned program hardware cust. .or .ae .y /U mission. ;

LACshevw Wil Lov aouvVe men- '

The sciheau 00 o0 Leslla o wissaeunl 13 shown

. G
in Figure io.

SUveaonments
wiliary Power !

snuery 1963,

(Nuciear Rocket
Svstem) were scl
Tacse could hav

1 un

and a crasnh ce
cesign mission
climinate the nce

improve success probdaviliil. The Nova u'velopment
could sctart in mid-196- .. . i X .
program if thne T
present development Icor 3.0
Also, note that the EMULal
accelerated in the car.y

e
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conventional develoioine pric Teno WLl SOloouypl
subsystem hardware Geiivedies o 10 I veals aiter
initiacion.
In keeping with tn . adin Gt

the dctailud deveiconient p.oad rizew by Lo
schedule of Figure 1o, Sragiam ©0sDs aaVe Dooh
cstimated and a ruac. Cricadaw 18 reseoled in
Figure 19. Tne EMPIRE T G Mol 1a0iuwd Doz
aptive test model and fous covclonment Nova ELV's

shown on (he dovelopmentl sC.owGloc ilCé Liwy are
considered to be o part ¢ & sepuratl developneal
program and arc shown only .
system development reguire:

is based on che Iilight dare..
ing develcopment ana Lol ool

post injection operaticn Cisos {4 TIULG Basl
SUpRPOTL sysToms. The tota. Cosi e 2.0 bLLLE

dollars for o singie mis.ion 30 .vite Tals csti-
mate 1s based oo 2 typloe. CLLTAm funRding Jdistrl-
.2 . PR R .-
bution as outiined by Nov..o "7
‘. .
Regulranenis e Lo « o= 2 leducen
I0 wousd dppval Lol VO Dol L sauiie in

Jutity I'V0 s withidn tecn.clurica. Joada Ol oo

nlogoioic developaent Uo.Todm- Tuvidew Curlaann
1 ey . Loy . . X L s, . .
DYODLCM areds arce Gllaleoo il Loalody. Sl OsC

Crivlldl arcds LNCilUuce Oae aoal Joa e wad 2liesy,

R R [, N . D . -
AURKLL1IETY DOWET 5uapdo. iy Lo S o SRR
CLIDU cavClYail VETiClag S S I AUNVA

boustur or C-3 Eario win.io. ¢ osdelons wapenialny,

develrom O SL0Fdv . oo lheonie {ev alau
cryoy tri-ncopeitan . waln -- 410 sceconas,

TC=CNIYY Daloelinls 200 Lod.ndod. T L Oveine s,

and immediaie wiiveaticn vl Unes . Aaaw devel-

OPMEALS WOL Lu Uu Cmaciliiai 1O L Lovcoanlud
launch i Jhe vo U Window. SLinoG. bBeyond

\ . L L . vy i T
August Ol 1 /U Wouiu UL Oy dcCepuLido.e wilnhout

Uprating O oov oystoin oo oot oa 1v. 2 launeh for
a SInil.oal ilasdion Gne .oy o o rogcan
Wourd Dave voery osiviooont

menls WALdh TWUsl DU sdulunsl

The CLlay wueoinils

nucledr rocuaol ca e (ld
tarust durning 10T UL scocnes or WL L,00U Dounds

tarust burnin, Zor 5000 souen Lo

development should oo
to avold dn acCe. Tilon Gl

Immediate deve.onaonl or &

liquia propeli.at

is cailed for wita thc Jhosea enilines Lo e inte-

gratecd into a bovsiter systenm »rariing in

J-lv0dh,

Of course, cnhe alicrnatove of using Saturn C-5
witih rendezvous, docking, assembly, and fuc.ing
orbital gperations is also rfeasiblie. Tuac arcas

oy pro-
solucions

el

’L,

3
of interest not specificd as cricical ziso require
D

ive development, DJt are ro
amned developments ¢r ~ave a

ithin reach.

r'vr.-r:

"se of Proarammed Hdorewar:

ﬂ
+h

In keeping with a coaservative

»

. e L
would be cesivable o use
Command Mldoiv, NZRVA ndcLrar rocwket

QLIACY Naduede

approach .~as Sedn
study. However,



11. H. H. Koelle, "Missiles anc

long term cobiecrive. Thic wou... Leave tihe Iiydy
mission objccdtives to be accoumplisaed borore ihe

‘Mars lianding by automatic cor u o Tobes,
orbiters, and flyby spacecrail. Tae proper con-

rosaiis OI

clusions can be reached only a1t
' udy progrem

[
the integratced planning and missic
become available.

References

1. G. de vaucouleurs, "KeconnilssaliCe ol i
Nearer Plancis.' AFOSR/DRa-L1, Nov. _Youi.

2. G. A. Crocco, Procceedings of the VIIth
International Astronomical Congress, Rouwe,
1956, p. 201.

3. Planetary Coordinates foi The Yeals 193U-¢0
prepared by H. M. Stationcry Ofrice, London,
1958. :

4L. J. M. Egzleston, "Some Abort Techniques and
Procedures for Manned Spaccceraic,' Acrospace
Enginecring, wovember 19ol.

5. W. E. Moeckel, "Trajector.es with Constanc
Tangentiai Thrust in Ceatral Gravication
Fields,'" NASA TR R=53, 1ydv.

6. JPL Rescarch Summaries, 50-2, 36-3, _o-&,
1960.

7. D. P. Horry, III and A. L. Fricdlander, NASA
TR R-102, 19ol.

8. F. P. Dixon and L. D. St
AAS Symposium on the Ixp
June 6-7, 19063.

9. D. G. Younger, ot &,
Lor Space Venicles," v /b TR-wo-505.

10. "Space Venictle Envivonental Control Keguires

ments 3

LI ot LT %\ . N CRENN =
SalailaTWAd L. Slialiure

Basca on Equipment and Paysiciogicas
Criteria.,” ASD TR ol-lol.

[0
1962," Astronautics, Nov. 196Z.
12. Vought Astronautics, "sScudy or Orbital Laanc
Operations,'" Vol. I, suuary Repors N9, 00.I¢
(C-V), Phasc II Prozrcss Repors, Lo June iYol.
13. H. H. Koelle, Ed., Zandboox o
Engincering, Table 1.12, p. 1-04, McGruw-Hily,

1961.

B
19N

S

Lo AT LTVl Gl e b s




FIGURE 1. EMPIRE INTERPLANETARY SPACECRAFT

FIGURE 2. CROCCO AND SYMMEITRIC TRAJECTORIES

FIGURE 3.« GEOCENTRIC ABORT MANZUVER GEOMETRY

FIGURe 4. ABORT VELOCITY REQUIREMENT

FIGURE 5. TYPES OF EARTH RE-ENTRY VEHICLES _

FIGURE 6. RE-ENTRY CORRIDORS - LIFT MODULATED, 10 g MAXIMUM

FIGURE 7. RETRO-ASSISTED RE-ENTRY VEHICLES

FIGURE 8. HIGH L/D RE-ENTRY VEHICLE

FIGURE 9. EWPIRE VEHICLE - SYMMITRIC TRAJECTORY — NUCLEAR INJECTION
FIGURE 10. EMPIRE VEHICLE STAGI»G SZGUENCE —~ NUCLEAR SYMM=TRIC

FIGURE 11. NUCLEAR ENGINE BURNING TiviZ AND SPACECRAFT WEIGHT
VERSUS FUNCTIONS CF ENGINE THRUST

FIGURE 12. CONFIGURATION SUNMMZRY
FIGURE 13. PROJECTED EARTH LAUNCH VZHICLE RELIABILITY
FIGURE i4. PROJECTED ORBITAL CPERATICNS RELIABILITY TRENDS
FIGURE 15. MISSION SUCCESS FOR NUCLZAR SYSTEMS
FIGURE 16. SYMMZITRIC MISSION SUCCESS IN 1970 USING SATURN C-5'S
FIGURE 17. SYMMZTRIC MISSION SUCCESS N 1672
FIGURE 18. ~ROJECT EMPIRE DEVELORP{ =NT SCHZDULE -
NUCLEAR SYMMZTRIC MISSION
FIGURE 19. MUCLEAR SYMME TRIC MISSION FUNDING REQUIRE v.2NT
FOR 1970 LAUNCH



TABLE 1
« TYPICAL EMPIRE MISSION CHARACTERISTICS

TA3LE 2

RELIABILITY ESTIMATES OF EMPIRE GUIDANCE SUBSYSTEMS

TABLE 3
RE-ENTRY VEHICLE COMPARISONS

LE 4

Gl

TA

CREW COMPCSITION

TABLE 5
TYPICAL SCHEDULE FOR SIX MAN CREW

TASLE 6

SUMMARY OF SUBSYSTEM WEIGHTS




FIGURE 1. EMPIRE INTERPLANETARY SPACECRAFT
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FIGURE 5. TYPES OF EARTH RE-ENTRY VEHICLES
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NUCLEAR CROCCO
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FIGURE 12. CONFIGURATION SUMMARY
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TABLE 6

SUMMARY OF SUBSYSTEM WEIGHTS

WEIGHT WEIGHT
(LBS) (KG)
CROCCO TRAJECTORY

LIFE SUPPORT 17,705 8,048
THERMAL CONTROL 1,000 455
POWER 10,000 4,545
ATTITUDE CONTROL 1,500 682
GUIDANCE 1,000 455
COMMUNICATION 300 136
FURNISHINGS 500 227
INSTRUMENTATION 1,000 455
EMERGENCY GEAR 1,200 545
SCIENTIFIC PAYLOAD 1,000 455

35,205 16,003

SYMMETRIC TRAJECTORY

LIFE SUPPORT 21,810 9,914
THERMAL CONTROL 1,000 455
POWER 10,000 4,545
ATTITUDE CONTROL 1,500 682
GUIDANCE 1,000 455
COMMUNICATION 300 136
FURNISHINGS 500 227
INSTRUMENTATION 1,000 455
EMERGENCY GEAR 1,200 545
SCIENTIFIC PAYLOAD 1,000 455

39,310 17,869




